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Apathy can be described as a loss of goal-directed purposeful behavior and is common in a 
variety of neurological and psychiatric disorders. Although previous studies investigated as-
sociations between abnormal brain functioning and apathy, it is unclear whether the neural 
basis of apathy is similar across different pathological conditions. The purpose of this system-
atic review was to provide an extensive overview of the neuroimaging literature on apathy 
including studies of various patient populations, and evaluate whether the current state of 
affairs suggest disorder specific or shared neural correlates of apathy. Results suggest that ab-
normalities within fronto-striatal circuits are most consistently associated with apathy across 
the different pathological conditions. Of note, abnormalities within the inferior parietal cortex 
were also linked to apathy, a region previously not included in neuroanatomical models of 
apathy. The variance in brain regions implicated in apathy may suggest that different routes 
towards apathy are possible. Future research should investigate possible alterations in differ-
ent processes underlying goal-directed behavior, ranging from intention and goal-selection to 
action planning and execution.  
Keywords: anterior cingulate cortex, basal ganglia, frontal, amotivation, apathy, electroencephalog-
raphy (EEG), magnetic resonance imaging (MRI), neuroimaging, parietal, positron emission tomog-
raphy (PET), single photon emission computed tomography (SPECT), striatum
Introduction
Apathy is a debilitating behavioral characteristic present in many neuropsychiatric, neurodegen-
erative, and neurological disorders (Caeiro, Ferro, & Costa, 2013; Theleritis, Politis, Siarkos, & 
Lyketsos, 2014; van Reekum, Stuss, & Ostrander, 2005). Although a general consensus on the exact 
definition of apathy is still lacking, a marked reduction in self-initiated and goal-directed behavior is 
regarded as one of the core features of apathy (Stuss, van Reekum, & Murphy, 2000). Broader defi-
nitions describe apathy as an ‘absence or lack of feeling, emotion, interest or concern’ (Arts, 2013; 
Marin, 1991). Robert et al. (2009) proposed international consensus criteria and regarded apathy as 
a syndrome of diminished motivation that is persistent over time, including symptoms on two of the 
following three dimensions: loss of goal-directed behavior, loss of goal-directed cognitive actions, 
or loss of emotions (Marin & Wilkosz, 2005; Robert et al., 2009). There is however less agreement 
upon the inclusion of emotional deficits into the definition (Starkstein & Leentjens, 2008). A more 
narrow definition of apathy as a behavioral syndrome was proposed by Levy & Dubois (2006), 
i.e. “apathy is a quantitative reduction of self-generated voluntary and purposeful behaviors”. This 
definition allows apathy to be an observable, and measurable construct. Terms that are synony-
mous or closely related to the concept of apathy are abulia, avolition, athymhormia, and amotivation 
(Foussias & Remington, 2010; cf. Starkstein & Leentjens, 2008). Furthermore, the concept of nega-
tive symptoms is commonly used to describe apathy related dysfunction in schizophrenia research. 
However, besides apathy as conceptualized by Robert et al. (2009), negative symptoms include other 
deficits such as alogia and anhedonia which makes it a broader term (Kirkpatrick, 2014-4).
Apathy is common in distinct neurological disorders such as Alzheimer’s disease (AD), Parkinson’s 
disease (PD), mild cognitive impairment (MCI), multiple sclerosis (MS), traumatic brain injury 
(TBI), progressive nuclear palsy, and stroke, but also in psychiatric disorders including schizophre-
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nia and major depressive disorder (MDD). There are no authoritative estimates available on the 
prevalence of apathy in general, but it has been estimated that approximately 10 million people in 
the US suffer from apathy (Chase, 2011). On average 60 % of the patients suffering from AD also 
suffer from apathy (Clarke et al., 2011), and at least 35% of those with stroke also experience apathy 
(Chase, 2011; van Dalen, van Charante, Nederkoorn, van Gool, & Richard, 2013). Within schizo-
phrenia patients, apathy is regarded as the most frequently occurring core negative symptom with a 
prevalence of approximately 50% (Barch & Dowd, 2010; Fervaha, Foussias, Agid, & Remington, 
2015; Foussias et al., 2015; Kiang, Christensen, Remington, & Kapur, 2003; Konstantakopoulos et 
al., 2011; Mulin et al., 2011). Across various disorders, apathy is regarded as the strongest predictor 
of poor cognitive, functional and occupational outcome, reduced medication compliance, increased 
caregiver burden, diminished quality of life, and general health (Caeiro et al., 2013; Clarke et al., 
2011; Fervaha et al., 2015; Ishii, Weintraub, & Mervis, 2009; Theleritis et al., 2014; van Reekum 
et al., 2005).
Although apathy is associated with significant clinical and prognostic features and with a highly 
similar behavioral manifestation in many diseases/disorders, there is a paucity of studies into a 
possible common neural basis. In recent years, reviews have been published on apathy in neurode-
generative disorders (Benoit & Robert, 2011; Guimaraes, Levy, Teixeira, Beato, & Caramelli, 2008; 
Kostic & Filippi, 2011b; Santangelo et al., 2013; Stella et al., 2014; Theleritis et al., 2014), after 
stroke (Jorge, Starkstein, & Robinson, 2010), neuropsychiatric disorders (Chase, 2011), and HIV 
(McIntosh, Rosselli, Uddin, & Antoni, 2015). However, most of these reviews were non-systematic 
and focused on a single patient group or only included studies with a specific neuroimaging method. 
Theleritis et al. (2014) and Stella et al. (Stella et al., 2014) did include a variety of neuroimaging 
data and concluded that disturbances in the function of fronto-subcortical networks are associated 
with apathy in neurodegenerative disorders. Notwithstanding, it is not clear whether similar neural 
substrates explain apathy in patients suffering from acquired brain injury or psychiatric disorders. 
Understanding the neural underpinnings of apathy can be pivotal to guide treatment selection and to 
develop therapeutic paradigms. Thus far, to our knowledge, shared and disorder-specific neural cor-
relates of apathy within/across different patient populations have not yet been described. Such com-
monalities or, to the contrary, disorder-specific associations may help us better understand apathy 
and whether it should be characterized as a unified behavioral and neuropathological manifestation, 
or rather may be the behavioral result of different pathophysiological processes. 
The aim of this review is to provide insights into potential shared or unique neural correlates of 
apathy within separate patient groups with neurodegenerative disorders, acquired brain injury, and 
psychiatric disorders. Therefore this paper systematically reviews neuroimaging studies investigat-
ing apathy in patient groups with diagnoses known to be associated with apathy. There is no gold 
standard definition, but because there is a consistency in the investigated core features of apathy 
(including reduced motivation and reduced goal-directed behavior) in different patient groups, this 
generalized approach can yield reliable information. To our knowledge, none of the earlier apa-
thy-related reviews (e.g. Benoit & Robert, 2011; Chase, 2011; Guimaraes et al., 2008; Jorge et al., 
2010; Kostic & Filippi, 2011a; McIntosh et al., 2015; Santangelo et al., 2013; Stella et al., 2014; 
Theleritis et al., 2014), reviewed findings from patient populations across diagnostic categories and 
across neuroimaging methods to identify mechanisms associated with apathy.
Chapter 2
Table 1. List of abbreviations.
Abbreviation  Written in full 
AAL Autonomic Atlas Labeling 
ACC Anterior Cingulate Cortex 
AD Alzheimer’s Disease 
AES Apathy Evaluation Scale 
AI Apathy Inventory 
ALS Amyotrophic Lateral Sclerosis 
AS Apathy Scale 
BA Brodmann Area 
CBF Cerebral Blood Flow 
CT Computed Tomography 
DAT Dopamine Transporter 
DLPFC Dorsolateral Prefrontal Cortex 
DTI Diffusion Tensor Imaging 
EEG Electroencephalography 
ERP Event-Related Potential 
FA Fractional Anisotropy 
fALFF Fractional Amplitude of Low Frequency Fluctuations 
FDG Fluorodeoxyglucose 
FTD Frontal Temporal Degeneration 
LARS Lille Apathy Rating Scale 
LBD Lewy Body Disease 
LPP Late Positive Potential 
MCI Mild Cognitive Impairment 
MDD Major Depressive Disorder 
(s/f)MRI Structural/functional Magnetic Resonance Imaging 
MS Multiple Sclerosis 
NIRS Near-infrared Spectroscopy 
NPI Neuropsychiatric Inventory 
OFC Orbitofrontal Cortex 
PD Parkinson’s Disease 
PET Positron Emission Tomography 
PFC Prefrontal Cortex 
PiB Pittsburgh Compound-B 
PSA Post-stroke Apathy 
PSP Progressive Supranuclear Palsy 
R/VOI Region/Volume of Interest 
SANS Scale for the Assessment of Negative Symptoms 
SMA Supplementary Motor Area 
SPECT Single Photon Emission Computed Tomography 
VBM Voxel Based Morphometry 
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To identify studies on the neural basis of apathy, the computerized databases of PubMed and Web 
of Knowledge (including Web of Science, Biological abstracts, Medline, and Journal Citation Re-
ports) were systematically searched by two independent authors (CK and MJvT) in August 2014 
and updated in April 2015 (CK). The following search terms were used to identify articles: ((apathy 
OR avolition OR abulia OR amotivation) AND (neuroimaging OR magnetic resonance imaging OR 
MRI OR fMRI OR positron emission tomography OR PET OR single photon emission computed 
tomography OR SPECT OR near-infrared spectroscopy OR NIRS OR Electroencephalography OR 
EEG OR computerized tomography OR CT OR frontal OR temporal OR parietal OR cerebellum 
OR cingulate OR striat* OR pallidus OR caudate OR putamen OR basal ganglia)). 
Study selection
Studies on apathy were only included if a) the study used a neuroimaging method as defined in the 
search terms, b) associations between apathy and a parameter provided by a neuroimaging method 
were investigated, and c) the study applied a validated apathy scale, specifically the Apathy Inven-
tory (AI), Apathy Evaluation Scale (AES), Apathy Scale (AS), Dementia Apathy Interview and 
Rating (DAIR), Lille Apathy Rating Scale (LARS), Neuropsychiatric Inventory (NPI), the apathy 
factor of the Positive and Negative Symptom Scale (PANSS) or Clinical Assessment Interview 
for Negative Systems (CAINS), the apathy subscale of the Scale for the Assessment of Negative 
Symptoms (SANS), or a scale with similar items. Furthermore, d) the studied population included 
patients with acquired brain injury, a neurodegenerative disease or a psychiatric disorder, and e) if 
the sample included at least 15 participants in the total sample in case of a correlational study, or at 
least 15 participants per group in case of a categorical study. Additionally, studies were only includ-
ed if the manuscript was f) an original article or article in press, g) written in English, h) published 
in a peer reviewed journal, and i) based on original data, e.g. no review or comment. In case multiple 
studies were published on the same sample, the study that matched all our criteria was included. In 
case multiple studies on the same sample matched our criteria, the most recent study was included. 
Search results and results report
The database search identified 1389 unique publications. After reading the abstracts, 308 of these ar-
ticles were selected for further inspection. This inspection led to the inclusion of 95 articles fulfilling 
the inclusion criteria. During inspection of the full text article, reference lists were also checked for 
possible other relevant studies for the review. This resulted in the inclusion of 4 additional studies (a 
flowchart of the procedure is presented in Figure 1). In total, 99 studies were included and grouped 
per diagnostic category (Table 2 and 3).
For our systematic review, we included all 99 studies in the Tables (2-4). However, we limited 
our textual descriptions in the result section to diagnostic categories on which five or more unique 
articles have been published. The articles are described per disease class (acquired brain injury, 
neurodegenerative disease or psychiatric disorder), diagnostic category, imaging method, and brain 
lobes or white matter tracts. Summaries and critical comments are provided after the result section 
of each diagnostic category. 
Chapter 2
Visualization 
To visualize the results related to gray matter abnormalities, we constructed brain maps representing a 
selection of the imaging findings of the included articles in this review. Of note, these brain maps are not 
constructed in a meta-analytic fashion, but combined without weighting. In case authors provided peak 
coordinates of brain regions that were associated with apathy (this was the case for 24 studies), these were 
used to mark the areas and were converted to MNI space, if necessary. Around each peak coordinate a 
sphere of 10 mm was drawn. When coordinates were not available, either (reported) Brodmann areas 
(N=7) or the Autonomic Atlas Labeling (AAL, N=18) was used to mark the reported brain regions. The 
final selection of maps was aggregated into a single group map for each diagnostic category, representing 
the total number of studies. Subsequently, we used MRIcron to render these brain maps (Figure 4, Rorden 
& Brett, 2000). We only displayed studies that provided sufficient anatomical detail on structural gray 
matter associations with apathy (N=49, Figure 4, Supplementary Group maps 1-3). Studies reporting 
white matter abnormalities, null findings or non-specific locations were not included in this visualization. 
In case regression analysis and categorical analysis were performed within the same study and these 
yielded identical results, apathy associated brain regions were included once into the figures. In case uni-
variate and multivariate results were presented in a study, only the univariate results were included in the 
figures. Furthermore, within figure 4, only regions are displayed that were reported by at least two studies, 
or part of regions that overlap with reported regions from a second study. 
Furthermore, we employed BrainNet Viewer (Xia, Wang, & He, 2013, http://www.nitric.org/proj-
ects/bnv/) to visualize a selection of studies to provide a more detailed representation of findings 
(Figure 5). Only those studies that provided MNI or Talairach coordinates were used for this figure. 
Structural as well as functional MRI studies, PET, and SPECT studies are included in this figure.  
Figure 1. Flowchart of the selection process for this review
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Sex (% male) 
Agosta 2014 Neurodegenerative MRI AES 112 61  
Andela 2013 Neurodegenerative MRI AS 50 16  
Andersson 1999 Acquired brain 
damage 
fMRI AES 72 79  
Apostolova  2007 Neurodegenerative MRI NPI 35 40  
Baggio 2015 Neurodegenerative MRI AS 93 56  
Balthazar 2013 Neurodegenerative fMRI NPI 37 NS  
Benoit 1999 Neurodegenerative SPECT NPI 63 NS  
Benoit 2002 Neurodegenerative SPECT NPI 41 29  
Bertoux 2012 Neurodegenerative MRI AI 20 50  
Bijanki 2014 Psychiatry MRI SANS 90 80  
Brodaty 2005 Acquired brain 
damage 
MRI AES 227 56  
Bruen 2008 Neurodegenerative MRI NPI 31 61  
Cacciari 2010 Neurodegenerative MRI DAIR 20 30  
Caeiro 2011 Acquired brain 
damage 
CT AES 108 35  
Caeiro 2011 Neurodegenerative MRI AES 144 69  
Chuang 2014 Psychiatry MRI MEI 66 79  
Craig 1996 Neurodegenerative SPECT NPI 31 35  
David 2008 Neurodegenerative SPECT AI & NPI 22 55  
Deguchi 2013 Acquired brain 
damage 
MRI AS 247 36  
Diaz-
Olavarrieta 
1999 Neurodegenerative MRI NPI 69 39  
Dietz 2013 Neurodegenerative EEG AS 33 91  
Farrow 2005 Psychiatry MRI SANS 16 100  
Finset 2000 Acquired brain 
damage 
MRI AES 141 74  
Ford 2008 Psychiatry EEG SANS 48 81  
Gregg 2014 Acquired brain 
damage 
MRI FrSBe 55 40  
Guercio 2015 Neurodegenerative MRI AES 66 59  
Hahn 2013 Neurodegenerative MRI AI 60 47  
Hama 2007 Acquired brain 
damage 
CT AS 243 67  
Heinz 1998 Psychiatry SPECT SANS 16 NS  
Hoffmann 2008 Acquired brain 
damage 
MRI LARS 26 81  
Holthoff 2005 Neurodegenerative MRI & PET NPI 53 42  
Huang 2013 Neurodegenerative MRI & PET AES 26 62  
Isella 2002 Neurodegenerative MRI AS 55 55  
Jonsson 2010 Neurodegenerative MRI & CT STEP 176 49  
Kamat 2014 Acquired brain 
damage 
MRI FrSBe 38 87  
Kang 2012 Neurodegenerative SPECT NPI 36 19  
Kawada 2009 Psychiatry MRI FrSBe 52 42  
Kim 2011 Neurodegenerative MRI NPI 51 20  
Kim 2013 Acquired brain 
damage 
MRI & PET NPI 254 50  
Knutson 2013 Acquir d brain 
damage 
CT NPI 228 100  
Lanctot 2007 Neurodegenerative SPECT NPI 74 59  
Lavretsky 2007 Geriatric depression MRI AS 84 37  
Liemburg  2015 Psychiatry MRI PANSS 67 75  
Links 2009 Neurodegenerative MRI NPI 21 38  
Liu 2004 Neurodegenerative MRI NPI 91 53  
Marshall 2013 Neurodegenerative PET AES 24 71  
Martinez-Horta 2014 Neurodegenerative EEG AS 40 70  
Matsuoka 2014 Acquired brain 
damage 
MRI AS 34 71  
Migneco 2001 Neurodegenerative SPECT NPI 41 32  
Moon 2014a Neurodegenerative MRI NPI 162 36  
Moon 2014b Neurodegenerative MRI NPI 40 78  
Morch-Johnsen 2015 Psychiatry MRI AES 70 54  
Mori 2014 Neurodegenerative fMRI & PET NPI 28 46  
Mucci 2015 Psychiatry MRI QLS 50 56  
Nakamura 2012 Psychiatry MRI SANS 116 66  
Ohtani 2014 Psychiatry MRI SANS 53 NS  
Okada 1997 Acquired brain 
damage 
MRI & SPECT AS 79 NS  
Okada 1999 Acquir d brain 
damage 
SPECT SANS 21 81  
Onoda 2011 Acquir d brain 
damage 
MRI & SPECT AS 102 56  
Chapter 2
Ota 2012 Neurodegenerative MRI AS 21 38  
Ott 1996 Neurodegenerative SPECT AES 40 58  
Park 2015 Psychiatry MRI PANSS 40 45  
Piamarta 2004 Acquired brain 
damage 
MRI PSDRS 33 61  
Reeves 2009 Neurodegenerative PET NPI 23 48  
Reijnders 2010 Neurodegenerative MRI AES, LARS, 
NPI 
55 NS  
Remy 2005 Neurodegenerative PET AES 20 70  
Robert 2006 Neurodegenerative SPECT AI 31 35  
Robert 2012 Neurodegenerative PET AES 45 NS  
Robert 2014 Neurodegenerative PET AES 36 NS  
Roselli 2009 Neurodegenerative SPECT NPI 18 61  
Rosen 2005 Neurodegenerative MRI NPI 148 NS  
Roth 2004 Psychiatry MRI SANS 40 73  
Saletu 1990 Psychiatry EEG AMDP 
system 
48 NS  
Sarazin 2003 Acquired brain 
damage 
MRI & PET Scal  of 
Lhermitte 
32 38  
Schroeter 2011 Neurodegenerative PET NPI 54 48  
Simon 2010 Psychiatry fMRI AES 30 67  
Skidmore 2011 Neurodegenerative fMRI LARS 15 80  
Staekenborg 2010 Neurodegenerative MRI NPI 484 64  
Starkstein 1997 Acquired brain 
damage 
CT AS 80 54  
Starkstein 2009 Neurodegenerative MRI & SPECT AS 38 29  
Starkstein 1993 Neurodegenerative MRI AS 79 39  
Takayanagi 2013 Psychiatry MRI AES 62 81  
Tang 2013 Acquired brain 
damage 
MRI AES 185 63  
Tighe 2012 Neurodegenerative MRI NPI 45 NS  
Tsujimoto 2011 Neurodegenerative MRI FrSBe 42 67  
Tunnard 2011 Neurodegenerative MRI NPI 111 68  
Turetsky 2009 Psychiatry EEG SANS 45 62  
Waltz 2009 Psychiatry fMRI SANS 36 75  
Waltz 2010 Psychiatry fMRI SANS 34 74  
Waltz 2013 Psychiatry fMRI SANS 50 78  
Wang 2003 Psychiatry SPECT SANS 16 56  
Werf. Van der  2014 Neurodegenerative MRI AS 44 18  
Wolf 2014 Psychiatry MRI CAINS 78 51  
Woodruff 1997 Psychiatry MRI SANS 85 100  
Woolley 2011 Neurodegenerative MRI FrSBe 48 63  
Yamagata 2004 Acquired brain 
damage 
EEG AS 29 62  
Yang  2015 Acquir d brain 
damage 
MRI AES 54 65  
Yang  2015 Acquir d brain 
damage 
MRI AES 88 73  
Zamboni 2008 Neurodegenerative MRI FrSBe 76 47  
AI – Apathy Inventory; AES – Apathy Evaluation Scale; AMDP – Arbeitsgemeinschaft fur Methodik und Dokumentation 
in der Psychiatrie; AS – Apathy Scale; CAINS – Clinical Assessment Interview for Negative Systems; CT – Computed 
tomography; DAIR – Dementia Apathy Interview and Rating; EEG – Electroencephalography; (f)MRI – 
(functional)Magnetic Resonance Imaging; FrSBe – Frontal Systems Behavior Scale; LARS – Lille Apathy Rating Scale; 
MEI – Motivation and Energy Inventory; NPI – Neuropsychiatric Inventory; NS – Not specified; PANSS – Positive and 
Negative Symptom Scale; PET – Positron Emission Tomography; PSDRS – Post-Stroke Depression Rating Scale; QLS – 
Quality of Life Scale; SANS – Scale for the Assessment of Negative Symptoms; STEP – Stepwise comparative status 




Table 3. Neuroimaging and statistical details of the included studies in the review.










Agosta 2014 MRI WM 1.5T ROI NS Random Forests 
approach Andela 2013 MRI NF 3T Whole brain Age 
Gender 
Education 
Cor ected (NS) 
Andersson 1999 fMRI 0 NS ROI Age  
Gender  
Time since injury 
Uncorrected 





Baggio 2015 MRI CO 3T ROI 
Dysphoric mood  
FDR 
Balthazar 2013 fMRI NF 3T ROI Age  
Dementia severity 
(CDR) 
Gray matter maps 
Permutation  
Benoit 1999 SPECT WM 99m-
Technetic
um 
ROI NS Non parametric 
testing 
Bonferroni 
Benoit 2002 SPECT CO 99m-
Technetic
um 
Whole brain NS Volume 






Bijanki 2014 MRI 0 3T Whole brain Age Non-parametric 
testing Brodaty 2005 MRI 0 1.5T Whole brain Age  
Depression (HDRS)  
Ya es continuity 





Cacciari 2010 MRI WM 3T Whole brain Age  
Brain volume 
FDR 
Caeiro 2011 CT 0 CT Whole brain NS Yates continuity 
correction Caeiro 2012 MRI 0 CT Whole brain NS Uncorrected 
Chuang 2014 MRI WM 3T Whole brain Age  
Gender  
Total grey matter 
volume 
FWE 
Craig 1996 SPECT BA Xenon-
133 




David 2008 SPECT AAL (123)I-FP-
CIT 
ROI Motor activity 
(UPDRS)a
Bonferroni 
Deguchi 2013 MRI 0 NS Whole brain NS Uncorrected 
Diaz-
Olavarrieta 
1999 MRI NF NS ROI NS Uncorrected 
Dietz 2013 EEG 0 EEG NS Age Bonferroni, 
Greenhouse 
Geisser 
Farrow 2005 MRI NF 1.5T ROI NS Uncorrected 
Finset 2000 MRI 0 NS Whole brain NS Bonferroni 
Ford 2008 EEG 0 EEG Whole brain NS Non-parametric 
testing Gregg 2014 MRI 0 NS ROI NS Hoghberg 
















Hama 2007 CT AAL CT ROI NS Uncorrected 
Heinz 1998 SPECT 0 (I-123) 
IBZM  
ROI NS Uncorrected 
Hoffmann 2008 MRI 0 1.5T ROI NS Uncorrected 
Holthoff 2005 MRI NF NS ROI NS Uncorrected   




Huang 2013 MRI NF 3T Whole brain NS Uncorr cted   
PET CO NS Whole brain Age  
Education 
FDR 
Isella 2002 MRI 0 0.5T ROI NS Uncorrected 
Jonsson 2010 CT / MRI 0 1T Whole brain Scanner type 
(CT/MRI) 
Uncorrected 
Kamat 2014 MRI WM 1.5T ROI NS Uncorrected 
Kang 2012 SPECT CO 99m-
Technetic
um 









Kim 2011 MRI NF 3T Whole brain NS FDR    






Regional GM density 
(VBM)  
Intracranial volume  
Uncorrected 
Kim 2013 MRI 0 3T Whole brain Age  
Gender  
Education level  
Medica i n use 
Total number of 
lacunae 
FDR   
PET NF ((11)C) 
PiB  
ROI Age  
G nder  
Edu ation level  
M i ti use 
Total umber of 
lacunea  
FDR 
Knutson 2013 CT CO GELight 
Speed 
Plus 
ROI NS FDR 
Lanctot 2007 SPECT BA 99m-
Technetic
um 






Lavretsky 2007 MRI AAL 1.5T ROI Age  
Gender  
Severity of illness 
(CIRS)  
Diagnosis 
Intracranial volume  
Bonferroni 
Liemburg  2015 MRI CO 3T Whole brain NS Pseudo T-
threshold Links 2009 MRI NF 1.5T ROI NS Uncorr cted 
Liu 2004 MRI NF 1.5T ROI NS Bonferroni  












2014 EEG 0 EEG  ROI NS Greenhouse 




Laterality of the 
infarction  
Acute stroke size 
Bonferr ni 
Migneco 2001 SPECT CO 99m-
Technetic
um 
Whole brain NS Worsley 
Moon 2014a MRI NF 3T Whole brain Age 
Educational level  





symptoms (NPS)  
Uncorrected 
Moon 2014b MRI AAL 3T  ROI Age  
Dementia sev rity 
(CDR)  
Vascular risk factors  
WMH  







2015 MRI AAL 1.5T ROI ge 
G nder
Bonferroni a 
Mori 2014 fMRI CO 1.5T  Whole brain Age  
Gender  
Education  




FDR   
PET 
 
((11)C)PiB  Age  
Gender  


















Bonferroni Nakamura 2012 MRI CO 1.5T Whole brain Age 




Bonferroni Ohtani 2014 MRI 0 NS ROI ntracranial volume  a 
Okada 1997 SPECT BA Xenon-
133 
ROI NS Uncorrected 
  MRI NF NS NS NS NS 





ROI NS Bonferroni 
Onoda 2011 SPECT  AAL (123)I-FP-
CIT 
ROI Age  
Gender  
Depression (SDS) 
FDR   
MRI AAL 1.5T ROI Age 
G nder  
Depression (SDS)  
Uncorrected 
Ota 2012 MRI CO 1.5T Whole brain Age  




Ott 1996 SPECT BA 99 Tc-
ECD 
ROI NS Uncorrected 
Park 2015 MRI CO 3T ROI NS FWE 
Piamarta 2004 MRI NF NS Whole brain NS Uncorrected 
Reeves 2009 PET NF [11C] 
raclopride 




Reijnders 2010 MRI CO 3.0T ROI Age  
Global cognition 
(MMSE)  
Gray matter volume a 
FDR 
Remy 2005 PET CO [11C]RTI-
32  
ROI NS Small volume 
correction Robert 2006 SPECT CO 99mTc-
ECD 




Robert 2012 PET CO 18F-FDG 
 






Robert 2014 PET CO 18F-FDG 
 






Roselli 2009 SPECT AAL (123)I-FP-
CIT 
ROI NS Bonferroni 








Roth 2004 MRI 0 1.5T ROI Intracranial volume Uncorrected 
Saletu 1990 EEG 0 EEG Whole brain NS Uncorrected 
Sarazin 2003 PET BA 18F-FDG 
 










MRI NF 1.5T ROI NS NS 
Schroeter 2011 PET CO 18F-FDG 
 




Simon 2010 fMRI AAL 3T Whole 
brain/ ROI 
NS Uncorr cted 




Staekenborg 2010 MRI 0 0.5-1.5 T 
(multiple 
scanners) 
NS NS Uncorrected 
Starkstein 1993 CT NF CT Whole brain NS Yates continuity 







NS NS Yates c tinuity 










Tang 2013 MRI 0 1.5T ROI Age 
Depression (GDS) a  
Stoke severity 
(HIHSS) a  




Number of old 
infarcts 
White matter hyper 
intensities (PVWMH)  
Uncorrected 
Tighe 2012 MRI AAL 3T ROI Global c gnition 
(MMSE) 
Uncorrected 






Tunnard 2011 MRI BA 1.5T (six 
different 
scanners) 
NS D pression (GDS)  






Turetsky 2009 EEG 0 EEG Whole brain NS Uncorr cted 
Waltz 2009 fMRI AAL 3T Whole brain NS Uncorrected
Waltz 2010 fMRI CO 3T ROI NS Uncorrected 
Waltz 2013 fMRI AAL 3T ROI NS Uncorrected 
Wang 2003 SPECT NF 99m Tc-
HMPAO 
ROI Age Non-parametric 
testing Werf, van 
der  
2014 MRI NF 3T  ROI NS Bonferroni 
Wolf 2014 MRI CO 3T ROI NS Cluster 
Corrected Woodruff 1997 MRI WM 1.5T ROI Intracranial volume a Uncorrected 





Yamagata 2004 EEG 0 EEG ROI NS Greenhouse 
Geisser 
correction 






Yang  2015b MRI AAL 3T ROI Age  
G nder  









Intracranial volume  
FWE 
AAL – Automated Anatomical Labeling; AI – Apathy Inventory; ALSFRS-R – Amyot ophic Lateral Sclerosis Functional 
Rating Scale; AMNART – American National Adult Reading Test; BA – Brodmann Are ; BI – Barthel Index; CDR – 
Clinical Dementia Rating; CO – Coordinates; FAB – Frontal Assessment Battery; G  – Geriatric Depression Scale GM 
– Gray matter; HDRS – Hamilton Depression Rating Scale; LEDD – Levodopa Equivale t Daily Dose; MDRS – Mattis 
Dementia rating scale; MMSE – Mini-Mental State Examination; NIHSS – National Institutes of Health Stroke Scale; 
NPS – Neuropsychiatric Symptoms; NS – Not specified; PVWMHI – Periventricular White Matter Hyperintensities; SDS 
– Self rating Depression Scale; RAVLT – Rey Auditory Verbal Learning Test; WAIS – Wechsler Adult Intelligence 
Scale. 
a Not applicable for all analysis within the study 
0 Not included in Figure 4 and Figure 5 
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Results
The studies that fitted our a priori set criteria most frequently included patients with neurodegen-
erative diseases (N=52), and less commonly patients with acquired brain injury (N=23), and psy-
chiatric disorders (N=24). Distinct apathy measures are used in each studied population with the 
Neuropsychiatric Inventory (NPI) being most often used in neurodegenerative diseases, the Apathy 
Scale (AS) and Apathy Evaluation Scale (AES) in patients with acquired brain injury, and the Scale 
for the Assessment of Negative Symptoms (SANS) in psychiatric disorders. MRI is most often used 
as imaging technique to associate apathy with specific brain lesions or abnormalities. Other imag-
ing techniques used were CT, PET, SPECT, and EEG. Figures 2 and 3 illustrate questionnaires and 
imaging techniques used in the studies. 
Figure 2. Apathy measurements used 
in the included studies, presented per 
patient population.
Figure 3. Neuroimaging methods that were used in the 
studies that were included in this review, presented per 
patient population.
ABI – Acquired Brain Injury; AI – Apathy 
Inventory; AES – Apathy Evaluation Scale; 
AS – Apathy Scale; FrSBe – Frontal Systems 
Behavior Scale; LARS – Lille Apathy Rating 
Scale; Neuro D – Neurodegenerative disorders; 
NPI – Neuropsychiatric Inventory; Psy – 
Psychiatric disorders; SANS – Scale for the 
Assessment of Negative Symptoms.
ABI – Acquired Brain Injury; CT – Com-
puted tomography; EEG – Electroencepha-
lography; (s/f)MRI – (structural/functional)
Magnetic Resonance Imaging; Neuro D – 
Neurodegenerative disorders; PET – Positron 
emission tomography;  Psy – Psychiatric 




A total of 52 studies investigating apathy in patients with a neurodegenerative disorder fitted our 
criteria, including Parkinson’s Disease (PD; n=10), Frontal Temporal Degeneration (FTD; n=5), 
Alzheimer’s Disease (AD; n=26). Studies that will not be described textually included patients with 
Lewy Body Disease (LBD; n=1), vascular dementia (n=1), Amyotrophic Lateral Sclerosis (ALS; 
n=2), Cushing’s Disease (n=2), Multiple Sclerosis (MS; n=1), Mild Cognitive Impairment only 
(MCI; N=3), and Progressive Supranuclear Palsy (PSP; n=1), due to the low number of studies 
published on these disorders.
Parkinson’s disease (PD)
In total, four structural MRI, two functional MRI, four PET, and two EEG studies have been identi-
fied in PD. Of these studies, one used both MRI and PET techniques, and one performed structural 
as well as functional MRI analyses. 
sMRI
• Frontal cortex: Reijnders et al. (2010) found an association between higher apathy and lower gray 
matter density values as objectified with voxel based morphometry (VBM) analyses in the bilateral 
inferior frontal gyrus and precentral gyrus. Across their analyses, there was a consistency between 
neural correlates of apathy as measured by three different apathy questionnaires. 
• Parietal cortex: In PD, higher apathy and lower gray matter density values were found in the bilat-
eral inferior parietal gyrus, and right precuneus (Reijnders et al., 2010). 
• Temporal cortex: No abnormalities reported. 
• Subcortical areas: No abnormalities reported. 
• Other findings: Baggio and coworkers (2015), Huang et al., (2013), and Isella et al., (2002) did not 
find any structural differences when comparing apathetic to non-apathetic PD patients after applying 
appropriate correction for multiple comparisons.
fMRI 
• Frontal cortex: Skidmore et al. (2013) investigated functional integrity of the brain in relation to 
apathy by using voxel-wise fractional amplitude of low frequency fluctuations (fALFF) analysis in 
resting state fMRI data. Results showed that the severity of apathy was best predicted by a greater 
fALFF in the right middle orbitofrontal cortex and bilateral subgenual cingulate cortex, together 
with a lower signal amplitude in the left supplementary motor cortex (SMA). In another resting state 
study, abnormalities in functional connectivity were found within a fronto-striatal network in the left 
hemisphere, such that patients with higher apathy had weaker functional connections between the 
striatum and ventrolateral prefrontal brain regions (Baggio et al., 2015). 
• Parietal cortex: In patients with higher apathy, lower amplitude of low frequency fluctuations was 
detected in the left inferior parietal lobule (Skidmore et al., 2013).
Temporal cortex: Lower fALFF in the left fusiform gyrus was associated with higher apathy (Skid-
more et al., 2013). 
• Subcortical areas: Functional connectivity within the striatum and between striatal and ventrolateral 
prefrontal regions was more impaired in patients with high apathy compared to low (Baggio et al., 2015). 
• Other findings: Within a group of PD patients, increased severity of apathy was associated with 
lower activity in bilateral cerebelli (Skidmore et al., 2013).
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PET
• Frontal cortex: Multiple fluorodeoxyglucose (FDG-)PET-studies specifically focused on identifying 
metabolic bases of apathy in PD. Positive correlations of apathy and cerebral metabolism during rest 
were found in the right middle frontal gyrus, right inferior frontal gyrus, left anterior insula (Robert 
et al., 2012), bilateral orbitofrontal lobes and bilateral anterior cingulate (Huang et al., 2013), and left 
posterior cingulate cortex (Robert et al., 2014). Remarkably, in a functional PET study (whereby the 
participants performed an emotional facial recognition task), the same research group found lower 
metabolism in largely the same brain regions in association with higher apathy, including the right su-
perior frontal gyrus, bilateral middle frontal gyri, and the left posterior cingulate (Robert et al., 2014). 
• Parietal cortex: Within parietal regions, increased cerebral metabolism in the right cuneus correlat-
ed with higher apathy (Robert et al., 2012) and reduced metabolism within the right inferior parietal 
lobe (Huang et al., 2013). 
• Temporal cortex: Areas that showed a lower metabolism (during rest) with higher apathy were 
found in the left superior temporal gyrus (Huang et al., 2013). 
• Subcortical areas: An inverse correlation between catecholaminergic binding potential, indicative of 
a specific loss of dopamine and noradrenaline innervation, and apathy was found in the bilateral ven-
tral striatum in an exploratory resting-state analysis (Remy, Doder, Lees, Turjanski, & Brooks, 2005). 
• Other findings: Bilateral cerebellar areas, namely the inferior semilunar lobules, showed lower 
metabolism in PD patients with higher apathy in resting state (FDG-)PET (Robert et al., 2012).
EEG
• Frontal cortex: An EEG study investigated incentive processing through the feedback-related neg-
ativity event-related potential (ERP) component (associated with reinforcement learning) in patients 
with and without apathy (Martinez-Horta et al., 2014) across the scalp. This feedback related nega-
tivity ERP in apathy patients was lower in amplitude at frontal and superior parietal regions ([Fz and 
Cz locations] Martinez-Horta et al., 2014), indicating a smaller difference in neural activation after 
wins and losses compared to the non-apathy group and healthy controls. 
• Parietal cortex: To investigate emotional processing in PD, Dietz et al. (2013) used the centro-pa-
rietal late positive potential (LPP). Viewing of negative pictures elicited an attenuated LPP response 
in PD patients compared to the response in healthy controls, which was interpreted as an indication 
of emotional dysregulation. Apathy scores were found to significantly and specifically modulate 
this LPP response, where higher apathy was associated with lower LPP amplitude, independent of 
severity of depressive and anxiety symptoms (Dietz et al., 2013). These results suggest that apathy 
is associated with a parietal-mediated disturbance of emotional processing in PD. 
• Temporal cortex: No abnormalities reported. 
• Other findings: No other findings have been reported.
PD Summary & Discussion 
To summarize, in PD studies a variety of neuroimaging methods have been used to investigate ap-
athy, but the total number of studies is rather limited. Regions of reported abnormalities in relation 
to apathy are distributed over frontal and parietal regions, including superior, middle, inferior, orbi-
tofrontal gyri, anterior cingulate cortex (ACC) and inferior parietal cortex, precuneus and cuneus. 
It appears that resting state metabolism within fronto-parietal regions is increased and functional 
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metabolism is decreased in association with higher apathy. Further findings include lower amplitude 
of ERPs in frontal and parietal regions and reduced fronto-striatal connectivity in association with 
higher apathy. The majority of studies included patients with relatively low levels of apathy, or with 
only a subsample of patients with high levels of apathy, which might have biased the findings.
Frontotemporal degeneration (FTD)
All five studies investigated frontotemporal degeneration (FTD) and their structural brain associa-
tions in relation to apathy by means of structural MRI. 
sMRI
• Frontal cortex: All of the included studies reported abnormalities within the frontal regions in rela-
tion to apathy, including the right dorsolateral prefrontal cortex ([DLPFC] Zamboni, Huey, Krueger, 
Nichelli, & Grafman, 2008),  right ventrolateral PFC (uncorrected, Bertoux et al., 2012; Rosen et al., 
2005), orbitofrontal cortex (OFC), and the rostromedial PFC including the ventral and dorsal ACC, 
and adjacent ventromedial superior frontal gyrus (Rosen et al., 2005). These regional volumetric 
relations reported by Rosen et al. (2005) were however not unique to apathy, but also related to other 
behaviors measured in this study including disinhibition, eating disorders, and aberrant motor behav-
iors. Unique effects for apathy were found within the FTD/semantic dementia subpopulation where 
tissue loss in the right ventromedial superior frontal gyrus towards the cingulate sulcus was correlat-
ed with higher apathy (Rosen et al., 2005). Finally, Liu et al. (2004) divided patients into frontal and 
temporal variants of FTD based on T2-weighted MR-images. A significantly higher prevalence of 
apathy in patients with the frontal variant of FTD was found (Liu et al., 2004), accompanied by a 
FTD-specific reduction in frontal lobe cortical volumes only (compared to temporal volume reduc-
tions in AD). This finding suggests an indirect link between frontal pathology and apathy. Overall 
this result fits with the VBM-studies that reported abnormalities in primarily the (right) frontal re-
gions (Bertoux et al., 2012; Rosen et al., 2005; Zamboni et al., 2008).
• Parietal/temporal cortex: Atrophy within the right temporo-parietal junction was related to higher 
apathy in patients with progressive non-fluent aphasia (Zamboni et al., 2008). 
• Subcortical areas: Within FTD patients, apathy is rarely associated with abnormalities within sub-
cortical regions, and the findings that have been reported are not consistent. Atrophy of the right 
putamen (Zamboni et al., 2008) and caudate head/ventral striatum (Rosen et al., 2005) has been asso-
ciated with higher apathy. The first observation was however only significant at a lowered threshold 
(Zamboni et al., 2008) and the second was not uniquely associated with apathy (Rosen et al., 2005). 
In a VBM-study (Links et al., 2009), only subcortical regions of interest were investigated (bilater-
al striatum and thalami) and no association was found between apathy and morphometry of these 
specified brain areas.
FTD Summary and discussion
In summary, in FTD especially atrophy of frontal regions has been associated to apathy, more spe-
cifically within the right hemisphere. Temporal degeneration within this FTD patient group however 
did not appear to be associated with higher apathy and subcortical abnormalities were also hardly 
mentioned in association with apathy. It should be kept in mind that all but one of the described stud-
ies used regions or volumes of interest (R/VOI’s) in relation to apathy. The use of these predefined 
regions potentially biases towards a selection of brain regions, while perhaps more unexpected as-
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sociations are neglected. Furthermore, it is important to note that only structural MRI studies have 
been performed. 
Alzheimer’s Disease (AD)
In total, 14 structural MRI, one functional MRI, four PET, and seven SPECT studies have been 
identified in AD.
sMRI – gray matter abnormalities
• Frontal cortex: An association between apathy severity and atrophy in the left medial frontal cor-
tex, OFC, pars triangularis, supplementary motor area, bilateral ACC (Apostolova et al., 2007), and 
caudal ACC (Tunnard et al., 2011) were revealed by MRI studies using structural volume and thick-
ness analyses. In a patient group with probable AD of mild severity similar regions were reported 
(Bruen, McGeown, Shanks, & Venneri, 2008). Higher apathy was associated lower gray matter den-
sities in the right superior frontal gyrus, bilateral inferior and middle frontal gyri, and ACC (Bruen 
et al., 2008). This VBM analysis was however performed without corrections for multiple compar-
isons. Lastly, Moon et al. (2014) selectively investigated apathy in relation to gray matter volume 
of the insular cortex (central and bilateral anterior and posterior cortex) and found that apathy was 
negatively correlated to the volume ratio of the bilateral anterior insular cortex (Moon et al., 2014). 
• Parietal cortex: No abnormalities reported. 
• Temporal cortex: No abnormalities reported. 
• Subcortical areas: Only one study reported lower gray matter densities within the basal ganglia, 
including the bilateral putamen and left head of the caudate nucleus, in relation to higher apathy 
(Bruen et al., 2008). This finding was however uncorrected for multiple comparisons and although 
apathy was the most frequent reported symptom in this sample, severity was low. In another study 
that included subcortical regions of interest (bilateral hippocampus, amygdala, basal ganglia, thal-
ami, brainstem) no atrophy or volumetric differences were found in relation to apathy (Tunnard et 
al., 2011). 
• Other findings: A study investigating atrophy or volumetric differences in ROI’s including the 
cerebellum and corpus callosum, did not find associations with apathy (Tunnard et al., 2011). Two 
further studies that used VBM analysis did not find any association between apathy severity and 
gray matter volumes (Kim et al., 2011; Mori et al., 2014).
sMRI – White matter abnormalities
In AD patients white matter alterations related to apathy have been most frequently investigated, 
compared to alternations in gray matter or functional characteristics. Often DTI is used to evaluate 
white matter integrity, as quantified with e.g. fractional anisotropy. Fractional anisotropy (FA) is a 
sensitive but rather unspecific measure for white matter neuropathology, where decreased FA values 
are an indication of a decreased anisotropy reflecting lower white matter integrity (Alexander, Lee, 
Lazar, & Field, 2007). 
• Superior longitudinal fasciculus: No abnormalities reported. 
• Inferior longitudinal fasciculus: No abnormalities reported. 
• Cingulum: In patients with high apathy, lower FA values were found within the left, right, or bilat-
eral anterior and posterior cingulum in comparison to patients with low apathy ([Left hemisphere] 
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Hahn et al., 2013; Kim et al., 2011; [Right] Ota, Sato, Nakata, Arima, & Uno, 2012; [Bilateral] Tighe 
et al., 2012). When corrected for disease severity (both MCI and AD patients were included), the 
finding of lower FA values in the bilateral cingulum did not hold (Tighe et al., 2012). 
• Uncinate fasciculus: One study reported bilateral lower FA values in the bilateral uncinate fasciculi 
in a group of patients with high apathy compared to low apathy (Hahn et al., 2013). 
• Interhemispheric structures: Patients with apathy had lower FA values in the genu, body, and sple-
nium of the corpus callosum compared to patients without apathy (Hahn et al., 2013). 
• Other findings: Higher apathy was associated with non-specific white matter changes (Jonsson et 
al., 2010; Starkstein et al., 1997) and with additional increment of white matter hyperintensities in 
the frontal lobes (Starkstein et al., 2009) and basal ganglia (Starkstein et al., 1997). Furthermore, 
diffusion abnormalities in the right thalamus and parietal regions were associated with higher apathy 
(Ota et al., 2012). Starkstein et al. (2009) observed that in patients who experienced apathy in com-
bination with depression, more white matter hyperintensities were found in the parietal lobes com-
pared to patients without apathy and depression or in groups with apathy or depression only. These 
findings were however reported with uncorrected p-values. Therefore, results should be interpreted 
with caution. Two of the studies that investigated the relationship between apathy and white matter 
morphometry by means of visual rating of structural (T1- and T2 weighted) MRI-scans did not find 
specific associations (Holthoff et al., 2005; Moon, Kim, Ok Kim, & Han, 2014).  Lastly, one study 
investigating volumetric characteristics of the brain‘s white and gray matter, did not find an associ-
ation with apathy (Starkstein et al., 2009).
fMRI 
One fMRI study investigated possible alterations in functional networks in relation to apathy in AD 
patients (Balthazar et al., 2013). Based on independent component analysis of resting state data, no 
association between the severity of apathy (as measured in a cluster together with appetite and eating 
abnormalities based on Aalten et al., 2008) and connectivity within the default mode and salience 
network was found (Balthazar et al., 2013). This analysis included corrections for gray matter atro-
phy (VBM). 
PET
• Frontal cortex: Mori and coworkers investigated amyloid-B (AB) deposition using ((11)C)Pitts-
burgh Compound-B (PiB) PET in relation to apathy in AD. ((11)C)PiB retention, indicative of ele-
vated levels of AB and thus cortical damage (Mori et al., 2014) throughout the whole frontal cortex, 
bilateral insula and right anterior cingulate cortex was associated with greater apathy severity. Using 
FDG-PET, lower regional glucose metabolism was found in the left OFC in AD patients with apathy 
compared to patients without apathy (Holthoff et al., 2005). 
• Parietal cortex: No abnormalities reported. 
• Temporal cortex: No abnormalities reported. 
• Subcortical areas: No abnormalities reported. 
• Other findings: Using [(11)C]raclopride PET, striatal dopamine (D2/D3) receptor availability was 
investigated in a population of probable AD patients, but did not reveal any associations with apathy 
(Reeves, Brown, Howard, & Grasby, 2009). 
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SPECT
• Frontal cortex: Using 99m-Technetium SPECT cerebral blood flow (CBF) abnormalities were 
found in bilateral frontal regions, though primarily right lateralized. Both whole brain and ROI-
based analyses have been performed. The predefined regions were widely distributed over the entire 
brain (although using different tissue markers). Negative correlations were found between apathy 
and orbitofrontal regions (Craig et al., 1996; Lanctot et al., 2007), right inferior frontal (Benoit et 
al., 2002), and the right and bilateral medial (Benoit et al., 2002; Kang et al., 2012), and dorsolateral 
regions (Craig et al., 1996). Furthermore, some smaller clusters were negatively associated with 
apathy within the bilateral precentral and superior frontal regions (although right more than left), 
right middle frontal regions and the left insula (Kang et al., 2012). Using the Apathy Inventory ([AI] 
Robert et al., 2002), higher total apathy scores were correlated with lower perfusion in the bilateral 
frontal cortices (Robert et al., 2006), whereas the AI subscale ‘lack of initiative’ was negatively 
correlated with perfusion solely in the right frontal lobe. Although a relatively large sample of AD 
patients was included in this latter study, apathy scores were low and below clinical significance 
(except for 29% of the patients) which should be kept in mind when interpreting these results.
In addition, higher apathy was consistently associated with lower perfusion in the ACC (Benoit 
et al., 1999; Craig et al., 1996; Lanctot et al., 2007; Migneco et al., 2001). Lanctot and coworkers 
(2007) demonstrated that the left ACC and right OFC were associated with apathy, and not with AD 
pathology itself and showed lower perfusion compared to both the non-apathy group and the healthy 
comparison group. Patients were only included in the latter analysis if they were free of depressive 
symptoms. A remark should be made regarding the findings of Craig and coworkers (1996) because 
no corrections for multiple comparisons were applied and no information on lateralization was pro-
vided, even though the authors included bilateral ROI’s. 
• Parietal cortex: No abnormalities reported. 
• Temporal cortex: Multiple studies (all using 99m-Technetium SPECT) report lower perfusion in 
temporal lobe, including the anterior temporal region (Craig et al., 1996), bilateral inferior temporal 
gyri ([right] Robert et al., 2006; [left] Schroeter et al., 2011), bilateral middle temporal gyri ([right 
hemisphere] Kang et al., 2012; [left] Schroeter et al., 2011), right superior temporal gyrus (Kang et 
al., 2012), right lingual gyrus (Benoit et al., 2002), and the right posterior temporo-parietal area (Ott 
et al., 1996) in patients with high levels of apathy compared to patients with low apathy and healthy 
elderly. Of all included studies performed in the AD population, one reported apathy to be related to 
abnormalities within hippocampal regions (Kang et al., 2012). This is contradictory to the finding of 
Lanctot et al. (2007) who report a relative sparing of hippocampi and other temporal areas in apathetic 
patients (while these areas were associated with hypoperfusion in the AD group without apathy). Tak-
en these results together, it can be stated that blood perfusion in a large part of the right temporal lobe 
is abnormal in patients with higher apathy.
• Subcortical areas: Schroeter et al. (2011) used FDG-PET in a sample of early AD patients, together 
with patients with other types of dementia (a.o. frontal lobe dementia patients and Lewy Body Dis-
ease). Results showed that higher apathy was associated with hypometabolism in the ventral tegmental 
area (Schroeter et al., 2011). Furthermore, one study that included both AD and Lewy body disease 
patients, investigated the relationship between apathy and striatal dopamine uptake, using (123)I-FP-
CIT SPECT (David et al., 2008). This ROI-analysis showed that higher apathy was associated with a 
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reduced dopaminergic binding potential in the right putamen (David et al., 2008). When analyses were 
performed per AI subscale, lack of initiative was associated with a reduced binding potential in bilateral 
putamen, lack of interest with the left caudate, and emotional blunting did not show correlations with 
dopamine transporter (DAT) uptake in the striatal areas. The reported findings appear to be driven by 
reductions in binding potentials within the Lewy Body population, however this is not clearly specified 
by means of statistical analysis. Another lacuna of the study concerns the lack of information on the 
mean and distribution of apathy scores that were included in the analysis. 
AD Summary
Studies that included AD patients were relatively consistent regarding apathy associated brain areas. 
Gray matter abnormalities in relation to higher apathy were primarily found in the frontal areas of 
the right hemisphere (DLPFC and OFC) and bilateral ACC, while white matter abnormalities are 
primarily found in more bilateral subcortical areas including the striatum, areas around the corpus 
callosum and the fasciculi, but also the bilateral cingulum. Results from PET studies are consistent 
with reduced perfusion found in bilateral frontal (OFC and medial frontal areas), ACC, and striatal 
areas. SPECT studies demonstrate a reduction in dopaminergic binding in primarily the right striatal 
areas, a reduction in perfusion in bilateral but also primarily right frontal (OFC and medial gyri) and 
right temporal areas, and the bilateral ACC. 
Integration of findings in neurodegenerative disorders
When we attempt to integrate the discussed findings on neurodegenerative populations, but also take 
into account findings reported in less studied populations (studies: n<5), including PD, FTD, AD, 
ALS, Cushing’s disease, MS, MCI, and PSP patients, apathy is most often associated with (pre)frontal 
(60%), (inferior) parietal (40%), or temporal lobe (20%) damage (Table 4, Figure 5, Supplementary 
Movie 1). From Figure 4, that displays a selection of the included studies that report gray matter ab-
normalities in relation to apathy, we can read that a large part of the frontal cortex including the ACC is 
associated with apathy (either structural or functional abnormalities), in addition to subcortical regions 
including the caudate nucleus, putamen and globus pallidus, and selective regions in the temporal lobe.
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Figure 4. Neuroimaging findings (gray matter only) related to apathy per disease group of all studies that provided sufficient 
anatomical detail. Studies are combined without weighting. Upper panel = Neurodegenerative disorders; Middle panel = 
Acquired brain injury; Lower panel = psychiatric disorders.
Table 4. Neuroimaging findings related to apathy from all included studies in the review are summarized per brain lobe in 









N.A / N.F 
Neuro D 30 (60%) 16 (32%) 11 (22%) 4 (8%) 12 (24%) 2 (4%) 6 (12%) 12 (24%) 
ABI 9 (41%) 3 (14%) 2 (9%) 1 (5%) 5 (23%) 0 (0%) 5 (23%) 6 (27%) 
Psy 8 (38%) 4 (19%) 2 (10%) 1 (5%) 9 (43%) 0 (0%) 5 (24%) 8 (38%) 
ABI = Acquired Brain Injury; GM = Gray matter; N = Sample size; N.A = Not applicable; N.F = Null finding; Neuro D = 
Neurodegenerative Disorders; Psy = Psychiatric disorders.  

Figure 5. Voxel-based Neuroimaging 
findings related to apathy of all stud-
ies that provided peak coordinates. 
Blue = Neurodegenerative disorders; 
Green = Acquired brain injury; Red 
= psychiatric disorders.
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Apathy and acquired brain injury
In total 23 studies were included in the acquired brain injury patient population. The majority of the 
studies included stroke patients (n=16), of which the results will be described. Studies that will not be 
included in this textual description, but which are included in the Tables and graphical displays include 
patients with (penetrating) traumatic brain injury (TBI, n=2), frontal lobe lesions (n=1), small vessel 
disease (n=1), brain tumors (n=1), solvent abusers (n=1), and patients with HIV infection (n=1).
Stroke
Sixteen neuroimaging studies that complied with our set criteria, investigated if post-stroke apathy 
(PSA) is related to specific neural adversities. The vast majority of the studies visually assessed sMRI 
(n=8) or CT scans (n=3) or both (n=1) in order to classify patients into groups based on their lesion 
location and lesion severity, and subsequently investigated group-wise associations with apathy. Addi-
tionally, DTI (Matsuoka et al., 2014; Yang et al., 2015; Yang, Shang, Tao, Liu, & Hua, 2015) was per-
formed. Furthermore, two SPECT (combined with MRI) studies, and one EEG study were identified. 
sMRI
• Frontal cortex: Stroke patients with apathy showed more right-sided lesions in general, and specif-
ically more white-matter hyperintensities within the right fronto-subcortical circuit compared to a 
non-apathetic group (Brodaty et al., 2005). Lower fractional anisotropy values were detected in the 
right inferior frontal gyrus (Yang et al., 2015). In a DTI connectivity analysis of Yang et al. (2015) 
in a large sample, higher apathy was associated with 24 nodes distributed over various lobes, repre-
senting an “apathy-related subnetwork”. Within this network global as well as local efficiency was 
negatively correlated with apathy. Global efficiency is a measure of efficiency within the network at 
a global level, whereas local efficiency is informative on how efficiently information is transferred 
between nodes within a network (Yang et al., 2015). Of the 24 nodes constituting this network, six 
nodes were localized in the frontal cortex. These nodes comprised bilateral inferior frontal gyri (or-
bital and triangular parts) and left superior frontal gyrus (medial orbital part), and the right precentral 
and left supplementary motor areas. The authors state that the global and local efficiencies of the 
entire apathy-related network were negatively correlated with apathy measures (Yang et al., 2015). 
• Parietal cortex: In the connectivity analysis of Yang et al. (2015), three parietal nodes were includ-
ed in the apathy-related subnetwork, including the right supramarginal gyrus, right precuneus and 
right paracentral lobule. Within a study focusing on subcortical lesions (including the basal ganglia 
and thalamus), regional changes at a distal location from the lesion site were reported, namely in the 
posterior cingulate cortex (Matsuoka et al., 2014). The authors suggest that this volumetric reduction 
is due to secondary neural loss after stroke. 
• Temporal cortex: Three nodes within the temporal cortex were associated with an apathy-related 
network, namely the right superior temporal gyrus and bilateral temporal poles, together with the 
bilateral insula (Yang et al., 2015).
• Subcortical areas: Apathy has been associated with subcortical lesions in general (Finset & Anders-
son, 2000) or more specifically with bilateral basal ganglia damage (Hama et al., 2007; [left basal 
ganglia] Onoda et al., 2011), isolated pontine or cerebellar infarcts (Hoffmann & Cases, 2008), and 
an increased number and volume of these pontine infarcts (Tang et al., 2013), compared to other 
patient groups including traumatic, cerebrovascular lesions or parieto-occipital lobe lesions. Within 
the connectivity analysis of Yang et al. (2015), the hippocampus, right putamen, right thalamus, and 
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posterior cingulum were found as nodes in the apathy-related network. 
• Interhemispheric structures: Reduced FA values were found in the genu and splenium of the corpus 
callosum in relation to higher apathy (Yang et al., 2015).
• Other findings: Higher apathy in stroke patients was found to be most strongly associated with 
right hemispheric damage (Andersson, Krogstad, & Finset, 1999; Caeiro, Ferro, & Figueira, 2012; 
Finset & Andersson, 2000), higher periventricular white matter hyper-intensities (Tang et al., 2013), 
lower FA values in the anterior corona radiata (Yang et al., 2015), and other less focal observations 
such as an increased number of microbleeds (Deguchi et al., 2013), and hypoxic damage (Anders-
son et al., 1999; Finset & Andersson, 2000). In contrast to other studies, Yang et al. (2015) report 
several areas within the occipital lobe to be part of the apathy-related network, including the right 
calcarine sulcus and cuneus, right lingual gyrus, and right superior and left inferior occipital gyri. 
Of the included studies, three did not find a specific association between higher apathy and left vs. 
right, cortical vs. subcortical, or anterior vs. posterior strokes (Piamarta et al., 2004); or between 
apathy and general presence of structural abnormalities determined by visual categorization and 
grading in a whole brain assessment (Okada, Kobayashi, Yamagata, Takahashi, & Yamaguchi, 1997; 
Starkstein, Fedoroff, Price, Leiguarda, & Robinson, 1993). Within two of these studies reporting 
a null-finding, apathy scores were either very low (below the predefined cut-off, Piamarta et al., 
2004), or no information was provided (Starkstein et al., 1993).
SPECT
• Frontal cortex: Okada et al. (1997) reported significantly lower regional cerebral blood perfusion in the 
right DLPFC in an apathy group, and in left frontotemporal regions, compared to a non-apathy group. 
• Parietal cortex: No abnormalities reported. 
• Temporal cortex: No abnormalities reported. 
• Subcortical areas: Higher apathy was significantly associated with lesions in the left basal ganglia, 
and with reduced perfusion in bilateral basal ganglia (Onoda et al., 2011). The authors suggested 
that unilateral lesions could cause bilateral perfusion problems, which are causal to higher apathy. 
• Other findings: No other findings reported.
EEG
Only one study in patients with acquired brain injury used ERPs to examine neuronal correlates 
of apathy (Yamagata, Yamaguchi, & Kobayashi, 2004). The novelty-associated auditory P3-com-
ponent is elicited by a salient stimulus in a train of frequently occurring stimuli and its parameters 
were compared between patients with and without apathy. Results showed that the apathy group had 
a significantly prolonged P3, with its amplitude being lower at the frontal site, and higher in parietal 
areas. The rate of change in amplitude of the novelty P3 was correlated with apathy severity. The 
authors suggest that these alternations including the fronto-parietal shift, are caused by disturbances 
in the fronto-subcortical circuit (Yamagata et al., 2004).
Stroke Summary
Summarizing findings in relation to apathy within this diverse patient group is difficult, because 
consistency is lacking. In general, apathy was associated with greater and more structural abnormal-
ities (presence of lesions, white matter hyperintensities, lacunae, microbleeds, or lower FA values) 
primarily in the right hemisphere and fronto-striatal circuit compared to patients with lower apathy. 
Chapter 2
Results from the few studies performed with SPECT or EEG matched those found in structural 
MRI, namely reporting right frontal and subcortical (basal ganglia) abnormalities. Most findings 
concerned structural MRI studies, while only a single diffusion-weighted MRI connectivity-analysis 
was performed. Results from this study showed a widely-distributed network to be associated with 
apathy. Besides frontal, parietal and subcortical regions, also temporal, and occipital regions were 
part of the apathy-related network; regions that are rarely reported in relation to structural abnormal-
ities and apathy. The included studies often first categorized their patients based on lesion site or type 
and then investigate its relation to apathy. This methodology is different from other apathy-related 
research that categorizes based on apathy scores, which should be kept in mind when interpreting the 
results because of the lower anatomical detail that is provided. Finally, it should be noted that a vast 
number of studies included patients with very low apathy scores, which make previously described 
results less solid.
Integration of findings in acquired brain injury patients.
With regard to studies in patients with acquired brain injury, including previously discussed findings 
and findings reported in less studied populations (studies: n<5) which are amongst others frontal 
lobe lesions, TBI, and HIV, it becomes clear that the (superior) frontal lobe and subcortical regions 
are associated with higher apathy (Table 4, Figure 5 and Supplementary Movie 1). Abnormalities 
in the frontal lobe were found in 41% of studies performed in this population. From the selection 
of studies that provided sufficient anatomical information, large regions of the prefrontal cortex are 
associated with apathy (Figure 4). The orbitofrontal regions appear more abnormal in the left hemi-
sphere, while medial and superior prefrontal regions are lateralized more to the right hemisphere. 
Furthermore, the temporal poles, parietal cortex, and caudate and putamen were associated with 
apathy in patients with acquired brain injury. 
Psychiatry
In psychiatric research, the majority of the included studies (n=24) investigated apathy in schizo-
phrenia patients with the exception of one study that included patients with major depressive disor-
der ([MDD] Lavretsky, Ballmaier, Pham, Toga, & Kumar, 2007). Only studies including schizophre-
nia patients will be described. 
Schizophrenia
In total, ten sMRI studies were included, eight fMRI, two SPECT, and three EEG studies. 
sMRI 
• Frontal cortex: In patients with higher apathy rates, smaller volumes in the bilateral frontal regions 
were found in comparison to a healthy sample (Roth, Flashman, Saykin, McAllister, & Vidaver, 
2004), specifically in the left OFC and bilateral ACC ([right ACC results did not hold after Bon-
ferroni corrections] Morch-Johnsen et al., 2015). Ohtani and coworkers (2014) also reported lower 
white matter integrity (quantified with FA values) in left posterior medial OFC-rostral ACC tracts to 
be associated with higher apathy. 
• Parietal cortex: No abnormalities reported.
• Temporal cortex: No abnormalities reported. 
• Subcortical areas: An increased volume of the caudate was reported to be associated with higher 
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apathy in first-episode psychosis patients (Morch-Johnsen et al., 2015). However, these results did 
not hold after multiple comparisons corrections. 
• Superior longitudinal fasciculus: A principal component, denoted ‘pleasure/motivation’, was as-
sociated with higher apathy and increased white matter volume in the left superior longitudinal 
fasciculus (Chuang et al., 2014). 
• Inferior longitudinal fasciculus: No abnormalities reported. 
Interhemispheric structures: Regional differences between patients scoring high and low on apathy 
were found in the corpus callosum, especially in the anterior part, where apathy was associated with 
smaller volumes (Woodruff et al., 1997) and lower FA values (Nakamura et al., 2012). 
• Other findings: A decrease in white matter volume in the left anterior limb of the internal capsule/
anterior thalamic radiation was associated with higher apathy (Chuang et al., 2014). Bijanki and 
coworkers (2015) reported an association between increased FA values for the entire cerebrum and 
higher apathy. Others investigated whole-brain and regional cortical thickness, but did not find an 
association with apathy (Chuang et al., 2014; Farrow, Hunter, Wilkinson, Green, & Spence, 2005; 
Kawada et al., 2009; Takayanagi et al., 2013). However, in two of these studies low apathy scores 
were reported (Farrow et al., 2005; Takayanagi et al., 2013) which could contribute to the null find-
ings. Furthermore, Ohtani and coworkers (2014) also did not find an association between apathy and 
white matter regional volume, who however provided no information on the level of apathy scores. 
fMRI
• Frontal cortex: Waltz and coworkers (2009; 2010; 2013) and Park and coworkers (2015) investi-
gated whether disrupted reward processing behavior contributes to motivational deficits i.e. apathy. 
Higher ratings of apathy were associated with lower activation to a pleasant stimulus during the 
actual receiving of the stimulus or reward consumption (Waltz et al., 2009). These reduced neural 
responses were found in the left hemisphere including the frontal and parietal operculum. Subjec-
tive ratings of the stimulus however did not differ between groups scoring high and low on apathy 
(Waltz et al., 2009). Thus, although the experience/appreciation of pleasant stimuli appears to be 
normal, underlying physiology might still be abnormal. The same research group studied reward 
processing on two other occasions in relation to goal-directed behavior. Although the studies of 
Waltz et al. (2009; 2010) include different fMRI tasks, the patient population appears to be (partly) 
the same. The authors report a reduction in deactivation after negative feedback in the ventromedial 
PFC / pregenual ACC compared to healthy controls (Waltz et al., 2010; Waltz et al., 2013). Fur-
thermore, apathy and anhedonia measures were related to increased activation in the left pre- and 
supplementary motor areas during feedback-evoked behavior (Waltz et al., 2013). In accordance 
with Waltz et al. (2010; 2013), Park and coworkers (2015) found a lower rostro-ventral / pregenual 
ACC activation in schizophrenia patients compared to healthy controls during reward engagement. 
However, in patients with higher apathy, higher reward-engagement related activity was measured 
in this particular area.  
• Parietal cortex: One fMRI study (using pseudo-continuous arterial spin labeling) investigated higher 
order cognitive functioning by means of a visuospatial planning task, in relation to apathy (Liemburg et 
al., 2015). Higher apathy in schizophrenia was associated with abnormal increased activation within pa-
rietal regions, including the left inferior parietal lobule, precuneus and paracentral lobule. This abnormal 
activation was associated with increasing task/planning difficulty (Liemburg et al., 2015).
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• Temporal cortex: During the visuospatial planning task, patient with higher apathy showed abnor-
mally increased activation in the right middle temporal gyrus with increased task difficulty (Liem-
burg et al., 2015). 
• Subcortical areas: During the high cognitive load condition of the visuospatial planning task of 
Liemburg et al. (2015), reduced thalamic activity was measured in association with apathy. Fur-
thermore, during reward anticipation, schizophrenia patients with higher apathy had lower bilateral 
dorsal caudate (Mucci et al., 2015) or (left) ventral-striatal activation ([bilateral] Simon et al., 2010; 
[left] Waltz et al., 2010) compared to patients with low apathy and heathy controls. In the sample of 
Waltz et al. (2010), apathy and anhedonia scores were summed, which should be kept in mind when 
comparing these findings. Interestingly, altered activity during the actual receipt of the reward was 
not associated with apathy, but with severity of depressive symptoms only (Simon et al., 2010). In a 
more recent study of Wolf et al. (2014) only a negative trend towards significance between ventral 
striatal activation during a monetary card guessing task and apathy severity was reported. In another 
study bilateral putamen abnormalities were found during the receipt of reward, without any abnor-
malities in the anticipation phase (Waltz et al., 2009). This same research group found a hyperactiva-
tion, due to a reduction in deactivation after negative feedback, in the left putamen/ventral striatum 
(Waltz et al., 2013). Overall, the results from these studies suggest that apathy might be caused by 
abnormal anticipation, and processing of reward stimuli. 
SPECT
• Frontal, parietal, temporal cortex: No abnormalities reported. 
• Subcortical areas: Dopamine D2/D3 receptor availability in the striatum was negatively correlated 
with apathy (Heinz et al., 1998). 
• Other findings: Wang et al. (2003) investigated regional cerebral blood perfusion in relation to neg-
ative symptoms and although the total score of the SANS was significantly correlated with reduced 
perfusion in the bilateral (superior) frontal regions, the apathy subscale was not associated with 
particular perfusion abnormalities (Wang et al., 2003). 
EEG
• Frontal cortex: In EEG studies the temporal phase synchrony of neural oscillations preceding a 
motor action is commonly used as a representation of activity in the motor cortex. It was found that 
this temporal synchrony in the beta band was reduced in the ventral frontal site, contralateral to the 
hand performing a simple motor action, in patients with schizophrenia compared to healthy controls 
(Ford, Roach, Faustman, & Mathalon, 2008). A within-group correlational analysis showed that this 
reduction was more pronounced in patients with higher apathy. In an early paper by Saletu et al. 
(1990) cortical brain activation was measured during resting state, and higher apathy was correlated 
with higher absolute delta and theta activity in fronto(polar) and fronto-temporal regions within 
primarily the right hemisphere (Saletu et al., 1990). 
• Parietal cortex: No abnormalities reported. 
• Temporal cortex: Higher delta and theta activity within temporal regions in the right hemisphere 
(no further specifications available) were associated with higher apathy in patients with schizophre-
nia (Saletu et al., 1990). 
• Subcortical areas: No abnormalities reported. 
Other findings: In a study by Turetsky et al. (2009) the auditory P300 component,  associated with 
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the detection of infrequent or unexpected events, was associated with increased levels of apathy 
(Turetsky et al., 2009).
Summary and integration of findings in psychiatric disorders
The studies on structural abnormalities in schizophrenia in relation to apathy are inconclusive; re-
sults point towards white matter abnormalities in the corpus callosum, and gray matter abnormal-
ities in primarily right frontal (38%) and striatal areas (43%), but a significant amount of studies 
did not find any association (Table 4, Figure 5, Supplementary Movie 1). Figure 4 clearly shows 
involvement of the right ACC, which is reported in schizophrenia patients, but also within the MDD 
population. Furthermore, the bilateral medial prefrontal regions, left parietal, left putamen, bilateral 
head of the caudate, and globus pallidus are associated with apathy. Results from functional stud-
ies suggest a disruption in reward anticipation and processing, and report abnormalities within the 
fronto-striatal circuit. Although multiple functional studies have been performed, these studies are 
predominantly focused on reward processing in relation to apathy, which is a more emotional com-
ponent of apathy (Levy & Dubois, 2006). Because primarily reward-tasks were used, these findings 
in relation to apathy are inevitably biased towards regions associated with reward processing. There 
are hardly any studies available on cognitive, self-initiated behavior or motor aspects of apathy. 
Furthermore, structural studies of white and gray matter abnormalities in association with apathy 
are lacking within this patient population.
Discussion
The aim of the present article was to provide an overview of studies investigating the neural basis of apa-
thy across different patient populations, including neurodegenerative disorders, acquired brain injury, and 
psychiatric patients. Although these populations are diverse, the symptoms described as apathy are often 
homogeneous and considered to be frequently present and debilitating in all populations. 
Previous literature established abnormalities within the fronto-striatal circuitry as neural substrate 
for apathy in AD (Guimaraes et al., 2008; Theleritis et al., 2014), after stroke (Jorge et al., 2010), and 
in schizophrenia (Barch & Dowd, 2010). The present systematic review confirms the association 
between abnormalities within the fronto-subcortical circuitry and apathy. In addition, this review 
highlights the involvement of the anterior cingulate cortex (ACC) and adds the inferior parietal cor-
tex as a region of interest. Furthermore, results indicate that apathy is consistently associated with 
abnormalities in interhemispheric structures, including the corpus callosum and other parts of the 
cingulum (i.e. not only ACC). 
Abnormalities within these regions were quite consistently found across the different patient pop-
ulations that were included in this review, but there were also abnormalities more specific to each 
group. Within the neurodegenerative population, primarily the right orbitofrontal, dorsomedial and 
dorsolateral prefrontal cortex, as well as temporal abnormalities were associated with apathy. Studies 
including patients with acquired brain injury frequently reported left orbitofrontal, right medial and su-
perior frontal damage, in addition to fronto-temporal and anterior temporal areas. Furthermore, within 
the population of patients with psychiatric disorders, abnormalities in bilateral and especially medial 
prefrontal regions were found to be associated with apathy. Thus, it is possible that disorder-specific 
brain abnormalities may lead to apathy, although this deserves further investigation.
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An important role for the ACC in apathy has been hypothesized previously (Guimaraes et al., 2008; 
Onoda & Yamaguchi, 2015; Stella et al., 2014), and was confirmed in our review. The anterior 
cingulate circuit is one of the five frontal-striatal circuits described in the neuroanatomical model 
of  Tekin & Cummings (2002) and is involved in motivation and reward systems. This particular 
circuit starts within the ACC, projects to the ventral striatum, continues to the globus pallidus and 
thalamus, and then projects back to the ACC. Indeed, several apathy and reward related studies 
reported involvement of the thalamus, besides striatal regions (Blundo & Gerace, 2015; Carrera & 
Bogousslavsky, 2006; Rochat et al., 2013). Reward related research in schizophrenia patients con-
firms the involvement of these ventral areas and abnormal activation in relation to apathy. The lim-
bic regions within this circuit also project to the medial frontal cortex (Tekin & Cummings, 2002), 
and our review suggests abnormalities within these medial frontal regions. Furthermore, our review 
indicates that functional and structural abnormalities within the dorsolateral prefrontal cortex (DLP-
FC) are associated with apathy. According to Tekin & Cummings (2002), the DLPFC is part of a 
second fronto-striatal circuit in the brain. This circuit has been suggested to be involved in executive 
functioning, planning actions, and regulation of actions. It originates in the DLPFC and projects to-
wards the dorsal parts of the basal ganglia including the head of the caudate nucleus, internal globus 
pallidus, and substantia nigra. From the basal ganglia projections run to the mediodorsal thalamus, 
and then back to the DLPFC (Tekin & Cummings, 2002). Except for the substantia nigra, all of these 
structures were repeatedly associated with apathy in our review. The involvement of this ‘executive 
circuit’ supports the suggestion that  the ability to generate and maintain purposeful, goal-directed 
behavior is also at the core of apathy. 
Besides the involvement of frontal-striatal circuits, abnormalities within the inferior parietal cortex 
were also regularly observed. To our knowledge, none of the earlier apathy related reviews rec-
ognized the role of the inferior parietal cortex in apathy. However, several studies pointed out the 
critical involvement of the inferior parietal cortex in intentional movement and movement aware-
ness (Desmurget & Sirigu, 2009; Hoffstaedter, Grefkes, Zilles, & Eickhoff, 2013; Jenkins, Jahan-
shahi, Jueptner, Passingham, & Brooks, 2000; Westerholz, Schack, & Koester, 2014). By means 
of fMRI, Hoffstaedter and coworkers (2013) measured increased activation of the inferior parietal 
cortex (amongst other regions in the fronto-subcortical network) during self-initiated movements in 
a healthy sample. Furthermore, an increased cerebral blood flow during self-initiated movements in 
the inferior parietal cortex was reported (Jenkins et al., 2000). In addition, Desmurget et al. (2009) 
demonstrated that the inferior parietal cortex was associated with movement intention. During 
awake surgery this region was stimulated which ‘triggered a strong intention and desire to move’. 
A strong desire or actual feeling of movement was expressed by the patients, while no movement 
of muscles was recorded. Although similar statements of patients were recorded after stimulation of 
the supplementary motor cortex, increased stimulation of this region did lead to actual movements, 
while this was not the case for increased stimulation of the inferior parietal cortex. Our finding of 
reduced parietal activation in apathy supports the suggested important role of the inferior parietal 
cortex in initiating intentional and goal-directed behavior.
Taken together, these findings suggest that various abnormalities within the ACC and dorsolater-
al prefrontal-striatal circuits, possibly in combination with inferior parietal abnormalities, underlie 
apathy. It is possible that different lesions lead to different types of apathy, which was previously 
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hypothesized by Levy & Dubois (2006). These authors state that dependent on which frontal-basal 
ganglia circuit is disrupted, one of the apathetic subtypes could occur; either an emotional, cog-
nitive, or auto-activation subtype whereby self-initiated thoughts and behavior are compromised. 
Similarly, Stuss et al. (2000) have distinguished different forms of apathy and an emotional and 
cognitive route towards apathy have also been proposed for schizophrenia (Aleman, 2014), but 
these distinctions await further investigation. Our findings do not allow any statements about the 
existence of separate subtypes of apathy, but the regions that we find to be associated with apathy 
largely converge with those hypothesized by Levy & Dubois (Levy & Dubois, 2006). The emotion-
al-affective component represents a reduction in goal-directed behavior due to the inability to asso-
ciate emotion or affect with planned or ongoing behavior and is associated with orbital and medial 
prefrontal regions and limbic regions of the basal ganglia (Levy & Dubois, 2006). We hypothesize 
that the ACC could be added to this network because of its involvement in reward and motivation. 
The cognitive component of apathy can be described as a loss of executive functions needed to ex-
ecute behavior (Levy & Dubois, 2006). Impairments in the generation of ideas for possible actions, 
coordination and evaluation lead to a lack of goal-directed behavior which can be associated with 
abnormalities in dorsolateral prefrontal areas and cognitive regions of the basal ganglia that are 
associated with cognitive processes such as the dorsal caudate nucleus, internal globus pallidus, 
and medial-dorsal and anterior thalamic nuclei (Levy & Dubois, 2006). Lastly, apathy can arise 
because of an inability to actually start and execute actions, which is related to the auto-activation 
subtype as proposed by Levy and Dubois (2006). They implied a role for medial prefrontal regions 
and cognitive and emotional regions of the basal ganglia including the caudate nucleus, the medial 
(internal) globus pallidus, and medial-dorsal thalamus. We would like to suggest that this lack of 
wanting to move and failure to start motor programs may additionally be due to abnormalities within 
the inferior parietal cortex. 
Limitations and suggestions for future research
One of the strengths of the present article is a drawback at the same time. A vast amount of studies 
was included, which provides an extensive overview of the published literature on the topic, but the 
variability of the included methods, patient groups, apathy scores, and many other variables limit 
the interpretation of the results. Because the purpose of our review was to provide a comprehensive 
descriptive exploration of the available literature, we consider our methods justifiable. Future stud-
ies should contrast different methods in a more systematic way regarding the neural basis of apathy. 
A major limitation is the low severity of apathy within the majority of the investigated samples. 
Even though some studies included large amounts of patients, only a subset of the included patients 
reached a level of apathy that could be regarded to be clinically significant. Sometimes studies did 
not provide information on the severity or distribution of apathy in the investigated population. 
These studies often reported no associations between apathy and neural abnormalities. For future 
studies, it would be important to evaluate the neural correlates of lower and higher, i.e. clinically 
relevant, apathy.
A remark can be made about the apathy measurements that were used. In neurodegenerative studies, 
the most often used scale is the neuropsychiatric interview ([NPI] Cummings et al., 1994), while in 
psychiatric and acquired brain injury populations the apathy evaluation scale ([AES] Marin, Bie-
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drzycki, & Firinciogullari, 1991), Lille apathy rating scale ([LARS] Sockeel et al., 2006) and apathy 
scale ([AS] Starkstein et al., 1992) were more frequently used. There is no gold standard assessment 
tool, but all the questionnaires that were used address the core feature of apathy (reduced goal-direct-
ed behavior). Multiple reviews on apathy questionnaires report adequate to good quality ratings for 
the questionnaires that are most often used to measure apathy, including the AI, AES, BPRS, DAIR, 
LARS, NPI, PANSS, and SANS (Clarke et al., 2011; Radakovic, Harley, Abrahams, & Starr, 2015; 
van Reekum et al., 2005). Although the NPI and PANSS are regarded as valid and reliable measure-
ments to assess psychopathology, they were not especially developed to measure apathy. It might be 
sufficient to screen for apathy, but for a more extensive evaluation of apathy, other scales specifically 
designed to qualify and quantify apathy should be preferred. In this way, results from different pa-
tient populations can be compared to each other meaningfully. Furthermore, it would be of interest 
to investigate possible subtypes of apathy and their putatively distinct neural underpinnings with the 
use of different fMRI tasks that target different processes underlying goal-directed behavior, such as 
self-initiative, goal selection, planning, and action execution. 
The selective use of neuroimaging methods within various patient populations may have influenced our 
results. Within neurodegenerative research structural imaging is most often used together with PET and 
SPECT, within acquired brain injury populations, patients are grouped per type or location of brain le-
sion(s), and within psychiatric populations almost solely functional task-related MRI is applied. Because 
structural MRI is most often used in our complete sample, there might be a slight bias towards a more 
frequent report of cortical abnormalities compared to  abnormalities in subcortical regions or altered 
connectivity in brain networks, for example. Therefore, the use of structural as well as functional research 
(including PET, SPECT, and fMRI) in each population may be helpful to develop more reliable hypothe-
ses on apathy and its neural basis, in future studies. Lastly, future studies should include more refined and 
similar apathy measures and provide peak coordinates of their findings (also at subthreshold levels), to 
enable quantitative or meta-analytic analyses on apathy in multiple patient populations.
Overall conclusions
Apathy is one of the most debilitating symptoms in patients with neurologic or psychiatric disorders. 
Our review suggests that, across diagnostic categories, apathy is associated with abnormalities in 
fronto-striatal circuits, in addition to the ACC and inferior parietal cortex. Thus, the structural and 
functional neuroanatomy of apathy may be similar across different patient groups. However, we 
cannot rule out a contribution of distinctive pathophysiology to apathy in different patient groups. 
Studies differed in their use of either structural or functional neuroimaging methods and apathy mea-
surements between patient groups. Indeed, more fine-grained analyses and comparisons of groups 
within single studies using the same methodology (including comprehensive assessments of apathy) 
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Supplementary Table 1. Findings per brain lobe in studies including patients with neurodegenerative disorders.








Agosta et al., 2014       1  
Andela et al., 2013        N.F 
Apostolova et al., 
2007 
1 1       
Baggio et al., 2014 1 1   1    
Balthazar et al., 2013        N.F 
Benoit et al., 1999 1 1       
Benoit et al., 2002 1 1  1     
Bertoux et al., 2012         
Bruen et al., 2008 1    1    
Cacciari et al., 2010       1  
Craig et al., 1996 1 1       
David et al., 2008     1    
Diaz-Olavarrieta et 
al., 1999 
       N.F 
Dietz et al., 2013 1 1       
Guercio et al., 2015 1  1      
Hahn et al., 2013 1 1     1  
Holthoff et al., 2005 1        
Huang et al., 2013        N.F 
Huang et al., 2013 1 1 1      
Isella et al., 2002   1    1  
Jonsson et al., 2010        N.A 
Kang et al., 2012 1  1  1    
Kim et al., 2011 
(WM) 
1        
Lanctot et al., 2007 1  1  1    
Links et al., 2009        N.F 
Liu et al., 2004        N.F 
Marshall et al., 2013        N.A 
Martinez-Horta et al., 
2014 
1 1       
Migneco et al., 2001 1        
Moon et al., 2014        N.F 
Moon et al., 2014 1        
Mori et al., 2014 1  1      
Ota et al., 2012 1 1   1    
Ott et al., 1996  1 1      
Reeves et al., 2009        N.F 
Remy et al., 2005     1    
Robert et al., 2006 1 1 1      
Robert et al., 2012 1   1  1   
Robert et al., 2014  1       
Roselli et al., 2009     1    
Rosen et al., 2005 1        
Reijnders et al., 2010 1 1  1     
Schroeter et al., 2011   1  1    
Skidmore et al., 2011 1 1 1 1  1   
Staekenborg et al., 
2010 
       N.A 
Starkstein et al., 1997       1  
Starkstein et al., 2009 1 1     1  
Tighe et al., 2012 1        
Tsujimoto et al., 2011 1  1  1    
Tunnard et al., 2011 1    1    
Werf, van der., 2014        N.F 
Woolley et al., 2011 1        



















N = Sample size; N.A = Not applicable; N.F = Null finding; WM = White mater. 
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Author Frontal Parietal Temporal Occipital Subcortical  White matter  
abnormalities 
N.F / N.A 
 
Andersson et al., 1999        
Brodaty et al., 2005 1    1   
Caeiro et al., 2011        
Caeiro et al., 2012        
Deguchi et al., 2013       N.A 
Finset et al., 2000     1   
Gregg et al., 2014 1       
Hama et al., 2007     1   
Hoffmann et al., 2008       N.A 
Kamat et al., 2014      1  
Kim et al., 2013 1     1 N.F 
Knutson et al.,2013 1     1  
Matsuoka et al., 2014  1      
Okada et al., 1997 1  1     
Okada et al., 1999 1       
Onoda et al., 2011     1   
Piamarta et al., 2004       N.F 
Sarazin et al., 2003 1      N.F 
Starkstein et al., 1993       N.F 
Tang et al., 2013      1  
Yamagata et al., 2004 1 1      
Yang et al., 2015a      1  
Yang et al., 2015b 1 1 1 1 1   
Total (%) 9 
(41%) 
3 (14%) 2 (9%) 1 (5%) 5 (23%) 5 (23%) 6 (27%) 
N = Sample size; N.A = Not applicable; N.F = Null finding. 
 
Supplementary Table 2. Findings per brain lobe in studies including patients with acquired brain injury.
Supplementary Table 3. Findings per brain lobe in studies including psychiatry patients.
Author Frontal Parietal Temporal Occipital Subcortical White matter 
abnormalities 
N.A / N.F 
Bijanki et al., 2014 1 1 1 1    
Cuang et al., 2014      1 N.F (GM) 
Farrow et al., 2005       N.F 
Ford et al., 2008       N.A 
Heinz et al., 1998       N.A 
Kawada et al., 2009       N.F 
Lavretsky et al., 2007 1 1      
Liemburg et al., 2015  1   1   
Morch-Johnson et al., 
2015 
1    1   
Mucci et al., 2015     1   
Nakamura et al., 2012      1  
Ohtani et al., 2014      1  
Park et al., 2015 1       
Roth et al., 2004 1       
Saletu et al., 1990 1  1     
Simon et al., 2010     1   
Takayanagi et al., 
2013 
    1 1 N.F 
Turetsky et al., 2009       N.A 
Waltz et al., 2009 1 1   1   
Waltz et al., 2010     1   
Waltz et al., 2013 1    1   
Wang et al., 2003       N.F 
Wolf et al., 2014     1   
Woodruff et al., 1997      1  
Total N (%) 8 
(38%) 
4 (19%) 2 (10%) 1 (5%) 9 (43%) 5 (24%) 8 (38%) 
GM = Gray matter; N = Sample size; N.A = Not applicable; N.F = Null finding.  
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